When heat-killed whole organisms of Streptococcus mutans strain Ingbritt (serotype c ) were injected into rabbits, antibodies to at least 12 antigens were detectable by crossed immunoelectrophoresis. In contrast, when rabbits were immunized with organisms which had been subjected to extraction with the detergent sodium dodecyl sulphate (SDS), antibodies to only two protein antigens were found. These two proteins (A and B), while existing in a form apparently closely associated with peptidoglycan, could also be recovered from homogenates of whole organisms after sonication and from culture filtrates. Antigenic material was excreted throughout growth. SDS-polyacrylamide gradient gel electrophoresis showed A to have a molecular weight of 29000, while B had a molecular weight of 190000. Antigen B was purified to apparent homogeneity as judged by SDS-polyacrylamide gel electrophoresis and isoelectric focusing. All of six strains of serotype c examined produced antigen B. Strains of serotypes e and f also produce antigenically identical proteins and strains of serotypes d and g produce proteins which cross-reacted with antigen B. Antigen B was specifically precipitated by rabbit antiserum to human heart tissue.
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I N T R O D U C T I O N
Experiments from a number of laboratories have clearly shown that immunization of animals with Streptococcus mutans or its subcellular fractions can confer protection against dental caries induced by this organism (Bowen et al., 1976) , but the mechanism of this protection and the bacterial antigens involved remain unknown. For the development of an effective vaccine it is desirable to identify the antigen(s) involved in eliciting protective antibody, and the means by which protection is conferred. Identification and purification of such an antigen would aid in the understanding of the mechanism of protection, allow monitoring of vaccine preparations for efficacy, and facilitate study of its relationship with any toxic components of a crude vaccine. Of particular concern in the case of S. mutans is the demonstration of an antigenic relationship between S. mutans and human heart tissue (van de Rijn et al., 1976 ).
An earlier report from this laboratory described successful protection of monkeys immunized with walls of S. mutans (Bowen et al., 1975) . Walls treated with trypsin, on the other hand, fail to confer protection suggesting that the protective antigen might be protein in nature (Colman & Cohen, 1979 ). The present paper describes studies of proteins associated with S. mutans walls and the purification of one wall-associated antigen. The purified antigen is also demonstrated to be antigenically related to human heart tissue. yeast extract, 3 g; NaCI, 2 g; K2HP04, 2 g; NaHCO,, 1 g; glucose, 5 g; water, 1 1) and the chemically defined (CD) medium of Janda & Kuramitsu (1976) supplemented with 0.2% (w/v) Na,CO, (Terleckyj & Shockman, 1975) .
Antisera. New Zealand white rabbits (each 2 to 3 kg) were used for the preparation of antisera. Injection schedules consisted of two or more intramuscular injections (1 ml) at 3 week intervals, blood being taken 1 week after a booster. The immunogens used were as follows: (i) whole organisms -the organisms from a 20 ml culture in Todd-Hewitt broth were collected by centrifugation, resuspended in 0.9 ml phosphatebuffered saline and killed by heating at 60 "C for 1 h; (ii) sodium dodecyl sulphate (SDS)-extracted organisms -organisms grown as described above were suspended in 5 ml of the solubilizing buffer of Laemmli (1970), placed in a boiling water bath for 20 min, then washed three times with water by resuspension and centrifugation and finally suspended in 0.9 ml phosphate-buffered saline; (iii) purified antigen B (see below) -50 pg in 0-9 ml phosphate-buffered saline. Aluminium hydroxide (0.1 ml; Alu Gel S, Serva) was added to all immunogens prior to injection. The immunoglobulin fraction of antisera was purified according to the method of Closs et al. (1975) . Antiserum directed against human heart tissue (Hughes, 1978) was generously provided by Dr M. Hughes was used, and after separation in SDS-containing gels, 1 yo (w/v) Triton X-100 was included in the lower (non-antibody containing) zone of the slide (Converse & Papermaster, 1975) .
Polyacrylamide gel electrophoresis. Electrophoresis in the presence of SDS using the buffer system of Laemmli (1970) with 9 yo (w/v) acrylamide in the separating gel was done in an apparatus built to the design of Studier (1 973). For SDS-polyacrylamide gradient gel electrophoresis, the same buffer system and apparatus were used; the 6 to 20 % acrylamide gradient was formed with a simple two-chamber mixing device. Isoelectric focusing. Isoelectric focusing in slabs of 6 yo (w/v) acrylamide was performed according to Wrigley (1971) , using pH 3 to 5 ampholytes (Serva). Proteins were stained by method D of Vesterberg et a/.
(1 977).
Antigen preparation. Proteins from culture filtrate were concentrated 100-fold by bringing the filtrate to 65 yo saturation with (NH4)2S04 and standing for 16 h at 4 "C. The precipitate formed was collected by centrifugation at loo00 g, dissolved in 0.05 M-Tris/HCl, pH 7.5, and dialysed for 24 h against this buffer. For the preparation of homogenates, organisms were suspended in the Tris buffer and subjected to ultrasonic disintegration with an MSE 150 W ultrasonic disintegrator at maximum output for 20 min, the sample being cooled in an ice bath. Culture filtrate and homogenates were maintained frozen at a concentration of 2 to 3 mg protein ml-l. Lancefield acid extracts and Rantz & Randall autoclave extracts were prepared by the standard methods (Lancefield, 1933 ; Rantz & Randall, 1955) . For pronase treatment, antigens were incubated with 1 mg pronase ml-l (BDH) at 37 "C for 2 h, then placed in a boiling water bath for 5 min to inactivate the enzyme. Purification of antigen B. Streptococcus mutans strain Ingbritt was grown for 20 h in CD medium at 37 "C. The organisms were removed by centrifugation at 10000 g followed by filtration through glass fibre (Whatman GF/D). Sodium azide (0-1 %, w/v) was added and the culture filtrate was passed down a chromatography column (50 ml bed volume) containing mutan and BioGel P2, prepared as described by McCabe & Smith (1977), before being brought to 45 yo saturation with (NH,),SO,. The precipitate which formed during 16 h at 4 "C was collected by centrifugation, dissolved in 0.05 M-Tris/HCl, pH 7.5, and dialysed for 24 h against this buffer. Tris buffer (O-O~M, pH7-5) was used throughout the subsequent purification. The dialysed sample was applied to a column (19 ml bed volume) of DEAE-Sephadex A25 (Pharmacia) equilibrated with Tris buffer, and the column was washed with one bed-volume of buffer prior to elution with a linear gradient of 0 to 0.3 M-NaC1 in Tris buffer. Fractions were collected and examined for the presence of antigen B by rocket immunoelectrophoresis into the antiserum directed against SDS-extracted organisms, and by SDS-polyacrylamide gel slab electrophoresis. Fractions eluting between 0-07 and 0-1 M-NaCl were found to contain antigen B, with only minor amounts of two other proteins being detected by electrophoresis. The fractions containing antigen were pooled and concentrated to approximately 1 mg protein ml-l by ultrafiltration with a Millipore immersible molecular separator before being applied to a column (200 ml bed volume) of Sepharose CL-6B (Pharmacia) equilibrated with Tris buffer. Antigen-containing fractions eluted from this column were pooled and are referred to as 'pure antigen B'. 
R E S U L T S
Antigens of SDS-extracted organisms Rabbits immunized with S. mutans strain Ingbritt by the procedure described in Methods produce antibodies to a large number of antigens, and crossed immunoelectrophoresis experiments using a cell extract or concentrated culture supernatant as antigen revealed at least 12 antigen/antibody reactions. In contrast, when animals were immunized with the SDS-extracted organisms, antibodies to only two antigens could be detected.
These antigens, designated A and B, could both be detected in a homogenate prepared by sonication of whole organisms and in concentrated culture filtrate, while one of them (subsequently found to be antigen B) was also readily detectable in Lancefield and Rantz & Randall extracts (Fig. 1) . Treatment of a culture filtrate sample with pronase or trypsin completely destroyed both antigens, indicating that their antigenic determinants were protein in nature.
Characterization of antigens A and B Culture filtrate proteins were separated by SDS-gel electrophoresis (Fig. 2) or by isoelectric focusing, and then electrophoresed in the second dimension into antiserum raised against SDS-extracted organisms. Comparison of the mobilities of the two antigens with those of molecular weight standards in SDS-gel electrophoresis, or SDS-gradient gel electrophoresis, showed the molecular weights of antigens A and B to be 29000 and 190000, respectively. The standards used were rabbit myosin (200000), P-galactosidase (1 16000), phosphorylase A (94000), bovine serum albumin (68000), ovalbumin (43 000) and chymotrypsinogen A (25 700).
Antigen B appeared to be a glycoprotein, as it was weakly stained by both the periodateSchiff reagent and by dansyl hydrazine. The isoelectric points for antigens A and B were estimated to be 4.3 and 5.4, respectively.
Release of antigens A and B
The culture filtrate used for the experiments described above was prepared from a culture which had reached the stationary phase of growth. To investigate further the kinetics of release of antigens A and B, samples were taken at various stages of growth and concentrated 1 00-fold by (NH,),SO, precipitation or by dialysis followed by lyophilization. The amount of antigen in each sample was then determined by quantitative rocket immunoelectrophoresis. The results showed that both antigens were released into the growth medium throughout growth (Fig. 3) . Purijkation of antigen B The protein composition of culture filtrates is simpler than that of cell extracts, so antigen B was purified from the filtrate of a culture in CD medium by a procedure involving affinity chromatography, fractional (NHJ2S0, precipitation, ion-exchange chromatography and gel filtration. The affinity chromatography on mutan was included to remove glucosyltransferase, which was found in preliminary experiments to co-purify with antigen B. The final product gave a single band on SDS-gel electrophoresis and also on isoelectric focusing.
Antigens of other strains
Monospecific antiserum directed against antigen B was used in immunodiffusion experiments to look for the presence of this, or cross-reacting, antigens in strains of S. mutans other than Ingbritt. Antigens from five other strains of serotype c gave a line of identity with antigen B from Ingbritt, and cross-reactions were observed with other serotypes (Fig. 4) . The strains of serotypes c, e andfwere identical. This agrees with the finding that these three serotypes fall into a single genetically homogeneous group (Coykendall, 1974) and are known to have matching protein patterns on SDS-gel electrophoresis (Russell, 1976a) . Members of serotypes d and g are also in a single genetic group, and they were found to possess a common antigen showing a line of partial identity with antigen B. Where present, crossreacting antigens were detectable in homogenates, culture filtrates or Lancefield extracts. No antigens cross-reacting with antigen B were found in the strains of serotypes a and b. Experiments with strain K1 (serotype g ) have shown that the antigen from this strain crossreacting with antigen B is also a wall-associated protein of high molecular weight.
Relationship between antigen B and glucosyltransferase
Because of the observation that glucosyltransferase and antigen B behaved similarly during purification procedures, together with the fact that glucosyltransferase of S. mutans strain lngbritt has a molecular weight approaching that of antigen B (Russell, 1979) , we investigated the possibility that they were related. The techniques used for studying glucosyltransferase have been described elsewhere (Russell, 1979) . The following lines of evidence have shown that antigen B is quite distinct from glucosyltransferase : (i) no glucosyltransferase activity could be detected in acrylamide gels at a position corresponding to that of antigen B; (ii) antigen B purified as described above or by immunoaffinity chromatography (unpublished observations) had no glucosyltransferase activity; (iii) antigen B did not bind to affinity columns of immobilized glucan while glucosyltransferase did ; (iv) antiserum to antigen B did not precipitate glucosyltransferase ; (v) antiserum to purified glucosyltransferase did not precipitate antigen B.
Antigenic cross-reactivity of antigen B with heart Hughes (1979) has recently reported that there are at least two components of S. mutans strain Ingbritt which show antigenic cross-reactivity with human heart tissue, and he has isolated one of the cross-reactive antigens. This antigen, which has not yet been physically characterized, has been termed 'F'. Figure 5 shows that antigen B is precipitated by antiserum directed against heart tissue. It is also apparent that antigen B is immunologically identical to the antigen F isolated independently by Hughes.
DISCUSSION
The anionic detergent SDS is a powerful dissociating agent, and all except covalent bonds are believed to be split by SDS at 100 "C (Maizel, 1971) . The fact that antigens A and B remain insoluble after SDS extraction therefore suggests that they exist in a form covalently bound to peptidoglycan. Although in the present study SDS-extracted whole organisms were used, the same two antigens were found when the starting material was walls prepared by Mickle disintegration (unpublished observations). The detergent SDS appears to be removing all other antigens rather than exposing hidden antigens (as seems to be the case in exposure of streptococcal M protein by acid extraction ; Beck & BergnerRabinowitz, 1977) since all rabbits immunized with unextracted whole bacteria had formed antibodies to antigens A and B. The fact that these wall-associated antigens can also be recovered from cell-free culture filtrates resembles the behaviour of wall proteins of a number of other bacteria, including protein A of Staphylococcus aureus (Movitz, 1976) , M protein of group A streptococci (Pinney & Widdowson, 1977) and the murein-lipoprotein of Escherichia coli (Braun, 1975; Russell, 19763) . The release of wall proteins greatly simplified their purification, but it is important to remember that there may be slight differences between the wall-bound and free forms of the protein, and also that there may exist other wall-bound antigens which are not readily released into the culture medium.
The fact that antigen B is present in Lancefield acid extracts, together with the observation that a strong immune response to it is obtained when whole cells are injected into rabbits, suggests that this antigen could be responsible for some of the non-specific crossreactions between serotypes of S. mutans (Bratthall, 1969) .
Antigen B is present in both whole organisms and wall preparations which have been found capable of conferring protection against caries in experimental monkeys (G. Colman & R. R. B. Russell, unpublished observations). Antibodies to antigen B may be involved 8-2 in this protection. However, care must be exercised in any experiments designed to test antigen B as a component of an anti-caries vaccine because of its demonstrated antigenic relationship with heart tissue. Many cross-reactive antigens of bacteria and mammalian tissues have been described, and the role of auto-antibodies induced by such antigens in disease is the subject of intensive study (Lyampert & Danilova, 1975 ). An involvement of prior infection with group A streptococci with the development of rheumatic fever is well established, and it was this that led van de Rijn et al. (1976) to seek heart cross-reactivity in S. mutans. The present paper is the first report of the purification of a heart cross-reactive antigen from S. mutans.
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